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[57] ABSTRACT

A constant velocity universal joint comprises an outer
joint element having a spherical cavity therein and an
inner joint element positioned within the spherical cav-
ity. A plurality of torque transmitting balls are posi-
tioned within pairs of opposed grooves formed in the
opposing spherical surfaces of the inner and outer joint -
elements. Ball retaining means are disposed between the

- joint elements. The ball retaining means has an inner

spherical surface co-acting with the outer spherical
surface of the inner joint member and an outer spherical
surface co-acting with the spherical surface of the cav-
ity of the outer joint element. The number of grooves in
each joint element 1s divisible by two but 1s at least four
and the center line of each groove lies in a plane spaced

from the axis of rotation of the joint element and paral-
lel thereto.

6 Claims, 6 Drawing Figures
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CONSTANT VELOCITY UNIVERSAL JOINT

The present invention relates to a constant velocity
universal _|omt more partrcularly, to the groove struc-
ture in the inner and outer joint elements within which
are positioned the torque transmitting balls.

One structure of a constant velocity universal joint
comprises an outer joint element having a cavity or
recess therein the wall of which has a plurallty of axra]ly
extending grooves. An inner joint element is dlsposed In
the cavity of the outer joint element and has in its outer
surface a number of grooves corresponding to the num-
ber of grooves in the outer joint element to define pairs
of grooves and a torque transmitting ball being jointly
received in each pair of grooves. The balls are guided
by a ball retaining structure positioned between the
inner and outer _]Olnt elements and the centers of the
balls are located in a plane. which bisects the angle be-
tween the axes of the inner and outer joint members.
The ball retaining means has an.inner concave surface
which is guided on the spherical outer surface of the
inner joint element and the outer spherical surface of
the ball retaining means is guided on the spherical inner
surface of the cavity of the outer joint element.

A disadvantage of such a universal joint is that the
manufacture of this joint requires a separate operation
for each ball groove of the inner and outer joint ele-
ments since the ball grooves are in the form of tangents
and comprise a sloped angle. A further dlsadvantage is
that the joint can be assembled only if the inner joint
element and the shaft are separate and consist of two
components since the balls can only be inserted after a
_bendlng of the joint.

It is therefore the principal ob_leet of the present in-
vention to provide an improved constant velocity uni-
versal joint of the type as described above having a
simplified structure so that assembly of the joint is facili-
tated. '.

It is another object of the present invention to pro-
- vide such a universal joint having ball grooves which
can be readily and economically formed during the
manufaeturmg operation.

It is a further object of the present invention to pro-
‘vide such a universal joint having novel and improved
ball grooves and wherein the balls can transmit torque
in both directions. |

According to one object of the present invention a
constant velocity universal joint has outer and inner
joint elements dnvmgly connected by torque transmit-
ting balls guided in a ball retaining structure disposed
between the joint elements. The ball retainer has an
outer spherical surface which is guided in a spherical
cavity of the outer _]emt element and has an inner spheri-
cal surface which is guided upon an outer spherical
surface of the inner joint element. The balls are retained
in opposed pairs of grooves formed in the inner spheri-
cal surface of the cavity in the outer joint element and
in the outer spherical surface of the inner joint element.
The balls are retained in a plane which bisects the angle
between the joint elements. The number of grooves in
each joint element is divisible by two but is at least four.
The center line of each groove lies in a plane spaced
from the axis of rotatmn of the Jomt element and paral-
lel thereto.

The structure of the universal Jmnt disclosed herein
has the advantage in that the ball grooves can be manu-
factured with a significant sawng in time and cost and

10

15

20

235

30

35

45

50

335

65

2

that the balls are so retained in the ball grooves as to be
able to transmit torque in both directions of rotation.

Other objects and advantages of the present invention
will be apparent upon reference to the accompanying
description when taken in conjunction with the follow-
ing drawmgs, which are exemplary, wherein; |

FIG. 1 is a longitudinal sectional view of a constant
velocity universal joint incorporating the present inven-
tion and taken along the line III—III of FIG. 2;

FIG. 2 is a sectional view taken along the line I--——-I of
FIG. 1;

FIG. 3 is an elevational view of the outer _]Olnt ele-
ment showmg the recesses therein; -

FIG. 4 is a sectional view taken along the lme II—II
of FIG. 2;

FIG. 5 is a sectional view taken along the line II—-—II
of FIG. 2 and showing an annular ball retainer; and, -

FIG. 6 is a sectional view taken along the line II'-.--II
of FIG. 2 and showing another form of ball retainer.

Proceeding next to the drawings wherein like refer-
ence syrnbols indicate the same parts throughout the
various views, a specific embodiment and modifications
of the present invention will be described in detail.

The constant velocity universal joint according to the
present invention is shown in FIGS. 1 and 2 and com-
prises an outer joint element 1 having a spherical cavity
or recess therein and a plurality of parallels substantially
axially extending groaves 7 formed in the surface of the
spherical cavity. An inner joint element 2 having outer
spherical surface is pes1tlened within the cavity of the
outer joint element 1 and is similarly provided with a
plurality of parallel substantially axially extending
grooves in its outer spherical surface. There are the
same number of grooves 7 and 8 in the inner and outer
Jemt elements and the grooves are arranged to form
pairs of opposed grooves with a plurality of terque
transmitting balls 4 positioned in the opposed grooves.
A ball holder or retainer 3 which may be in the form of

a cage having a plurality of substantially radial openings

therein for receiving the balls 4 is disposed between the
inner and outer joint elements and guides and controls
the balls in the grooves. The ball retainer 3 has an open-
ing for each two balls 4 as may be seen in FIG. 2.

The inner joint element 2 has a drive or torque trans-
mlttlng shaft 9 extending therefrom and the shaft 9 and
inner joint element 2 are of an integral one-piece con-
struction. The shaft 9 is preferably provided with a
non-circular cross section so as to facilitate a torque
transmitting connection to a further element.

The outer joint element 1 is provided with a pair of
opposed notches or recesses 5 located between a pair of
grooves 7. The width in the transverse direction of the

notch is at least as great as the diameter of the shaft 9 so
as to facilitate assembly of the joint.

The center line of a groove 8 in the inner joint ele-
ment 2 consists of an arc of a circle “b” and a straight
line “g” as shown in FIG. 1. This center line is posi-
tioned in a plane such as “e,” which is spaced from the
center longitudinal axis “0“ of the joint and is parallel
thereto. The center line of groove 8 may also comprise
an arc of a circle having a center at “M” or “N”’.

The center lines of gmoves 7 of the outer joint cle-
ment 1 are positioned in mirror relationship to the cen-
ter lines of the grooves 8. The center lines of the
grooves 7 and 8 for each of the balls 41 and 4J or 4K and
4L are positioned in a plane “e,” or “e,” as shown in
FIG. 2 with each plane being spaced a drstance “c” with
respect to a plane “m” passing through the longitudinal
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central axis of the joint. Thus,.adjacent center lines of
grooves are positioned in.the;same plane. .. .

Torque is transmitted between the outer joint element
1 and the inner joint element 2 by means of the balls 4.
" As a result of the shapes of the grooves 7 and 8 as dis-
closed herein, the balls 4 are guided into a plane which
bisects the angle of bending between the inner and outer
joint elements. . I
. "The recesses 5 shown in FIG. 3 may be enclosed by
a cover cap, not shown in the drawings, which may also
be used for attaching a bellows fleéxible cover over the
joint in a manner known in the art. During assembly of
the joint, the inner joint element shaft 5 is positioned at
an angle of 90° and inserted into a recess S so that the
balls 4 can thus be inserted into the openings of the ball
retainer 3. Depending upon the structure of the ball
retainer, two balls can also be inserted into a common
opening of the ball retainer. .. .. =~ =

The recesses 5 facilitate .the forming of the ball
grooves 7 since a shaft equipped with two side milling
cutters can be inserted into a recess 5 and all of the ball
grooves 7 can be formed with a single positioning or

clamping of the tool. . e
The integral construction of the inner joint element 2

and the shaft 9 and the relationship of the grooves 7 in

the spherical cavity of the outer joint element 1 are
~ clearly shown in FIG. 4. o

The universal joint in FIG. 5 has.a modified ball
retainer in that the ball retainer-comprises a single ring
6. After assembly of the joint, the ring 6 is fixed against
axial displacement and will prevent the balls 4 from
falling out of the joint. The joint does not require any
structure securing against axial displacement since a
ring 10 is so positioned between the inner joint element
2 and outer joint element 1 that an axial displacement
_between the joint elements is not possible.. - |

.. In:the pniversal joint of FIG. 6, the ball retainer com-
prises.spaced rings 11 and 12 positioned on both sides of
the balls 4 as shown. The positioning of the rings 11 and

12 is such ‘that the joint elements are prevented from
‘axial displacement with respect to each other.

" The ball retainer according to the present invention
may therefore comprise at least one annular ring. The
 ball retainer has a uniform wall thickness and 1s assem-
bled together with the inner joint element two and is
secured.automatically between the inner and outer joint
" members without any additional structure. Additional
structure for securing the ball retainer against axial
displacement is therefore not necessary even when the
‘ball retainer consists of a single ring.

grooves are in the same plane, all of the grooves can be
formed in a single manufacturing operation. Costs of
manufacturing are thus reduced. Since only a single

3

4

setting of the tool is necessary, the grooves can be more

precisely and accurately positioned with respect to each-

other. o | =
Thus it can be seen .that the present invention has

disclosed a constant velocity universal joint having a

ball groove structure which significantly facilitates the
manufacture of an assembly of the joint elements.

- It will be understood that this invention is susceptible
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to modification in order to adapt it to different usages
and conditions, and accordingly, it is desired to compre-
hend such modifications within this invention as may
fall within the scope of appended claims.
What is claimed is::. S _
1. A constant velocity universal joint comprising an
outer joint element having a bore with a spherical sur-

face and a plurality of grooves in said bore surface, an
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By providing that the center lines of two adjacent

inner joint element within said bore having a spherical
outer surface and having a plurality of grooves in said
outer surface corresponding in number to said outer
joint element grooves.to define pairs of opposed
grooves, a plurality of balls between said joint elements
with each ball being in a pair of opposed grooves, means
between said joint elements for retaining said balls in a
plane which bisects the angle between the joint ele-
ments, said ball retaining means having a.first spherical
surface on its outer face and a second spherical surface
on its itiner face, said bore spherical surface of said outer
joint element coacting with said ball retaining means
first spherical surface and said inner joint element spher-
ical outer surface coacting with ‘said ball retaining
means second spherical surface, the number of grooves
in each joint element being divisible by two but being at
least four, the center line of each groove lying in a plane
spaced from the axis of rotation of the joint element and
parallel thereto. o DI

- 2. A constant velocity universal joint as claimed in
claim 1 wherein the center lines of two adjacent
grooves in a joint elemerit lie in the same plane:

3. A constant velocity universal joint as claimed in
claim 1 wherein said inner joint element has an integral
shaft extending therefrom.

4. A constant velocity joint as claimed in claim 1
wherein said outer joint element has a recess therein
between two ball grooves thereof.

" '5. A constant velocity universal joint as claimed in

claim 3 wherein said outer joint element has a recess
between two ball grooves therein, said recess having a
width at least as large as the diameter of said inner joint
element shaft. o . S
6. A constant velocity universal joint as claimed in
claim 1 wherein said ball retaining means comprises at

least one ring. -
s .
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